Abstract -In the present work, two biochemical approaches were used to characterize PAGs isolated from Bos indicus fetal cotyledons removed at different gestational ages. The first procedure included acidic and ammonium sulfate precipitations, anion and cation exchange chromatographies and the second included pepstatin-agarose affinity chromatography. A bovine PAG radioimmunoassay was used to monitor the immunoreactivity throughout the isolation procedures. The most immunoreactive fractions issued from cation exchange and affinity chromatographies were analyzed by SDS-PAGE and Western blotting, before transfer to a polyvinylidene difluoride (PVDF) membrane for NH 2 -microsequence determination. Use SDS-PAGE and Western blotting, different isoforms of PAG with apparent molecular masses of 51 to 69 kDa and isoelectric points varying from 4.4 to 6.7 were identified in the placentas from different gestational ages. N-terminal microsequencing (10 to 25 aa long) indicates the expression of one single terminal amino acid sequence in the Bos indicus placenta, which is 100% identical to the bovine PAG-1. pregnancy-associated glycoprotein / purification / zebu / placenta / N-terminal microsequencing Reprod. Nutr. Dev. 42 (2002) 227-241 227 
INTRODUCTION
Recently, a highly polymorphic family of placenta-expressed proteins was discovered in the ruminant species. These pregnancy-associated glycoproteins (PAGs), also known as pregnancy-specific protein B (PSPB) [2] and pregnancy serum protein (PSP-60) [3] , constitute a large family of aspartic proteinases, showing the greatest sequence identity with pepsinogens [25] . PAGs are synthesized by mono and/or binucleate trophoblastic cells, some of which are released in the maternal circulation during almost the whole pregnancy period [15, 18, 29] . In veterinary practices, their measurements in the maternal bloodstream are useful for both pregnancy confirmation and follow-up of the trophoblastic function [19] .
Two approaches have been used for PAG characterization in the ruminant placentas: biochemistry and molecular biology. Biochemical procedures allow the isolation of different PAG molecules, heterogeneous in molecular weight and charge [2, 6, 26] . Further characterization of these molecules by means of NH 2 -terminal amino acid sequencing has revealed the existence of one PAG in cows (boPAG 67 ) [28] , four in ewes (ovPAG 55 , ovPAG 60 , ovPAG 61 and ovPAG 65 ) [26] and three in goats (caPAG 55, caPAG 59 and caPAG 62 ) [6] . A larger variety of PAG cDNAs has been identified in bovine (boPAG-1 to -21) [8, 25, 27] , ovine (ovPAG-1 to -9) [8, 26, 27] and caprine placental libraries (caPAG-1 to -11) [7] using molecular biology techniques. As described by Green et al. [8] , these PAG cDNAs appear to be differentially expressed in early, mid and late gestational periods. However, in spite of several attempts to purify the different PAG molecules identified by nucleotidic sequencing, only two PAGs (boPAG 67 and ovPAG 65 ) could be successfully shown by both approaches [25, 26, 28] .
In this paper we describe for the first time the isolation, characterization and N-terminal microsequencing of PAG molecules extracted from zebu (Bos indicus) placentas removed at different gestational ages. The biochemical protocol previously described for PAG isolation in the ruminant species was used to purify and characterize PAGs extracted from placentas removed late in pregnancy. In placentas removed earlier in pregnancy, pepstatin affinity chromatographies were used for the first time to enrich the preparations in PAG molecules before N-terminal microsequencing of immunoreactive proteins.
MATERIALS AND METHODS

Assays for total protein and PAG-immunoreactivity
Total protein (TP) concentrations of all the fractions were determined by using the method of Lowry et al. [12] with bovine serum albumin (BSA; ICN Biochemicals Inc., Aurora, OH) as the standard. The estimation of PAG concentrations in each purification step was determined by a bovine PAG RIA (boPAG-1 RIA) [29] . Pure boPAG-1 was used as the tracer and standard, and the antibody (R497) against boPAG-1 was used for binding at a final dilution of 1:300 000.
Collection of cotyledons
Uteri were collected from pregnant zebu (Bos indicus) females within 5-30 min of slaughter. Fetal cotyledons were immediately dissected away from caruncular tissue, washed with 0.9% NaCl, and stored at -20°C until use. The stage of pregnancy was estimated by measurement of fetal crown-rump length. According to the gestational age, the placentas were classified as early (10-11 weeks), middle (20-21 weeks) or late placentas (30-31 weeks). Figure 1 schematically shows the protocols of fractionation of the proteins extracted from the zebu placentas.
Characterization of PAG in zebu placenta
Acid precipitation
Supernatants from the first and second extractions were collected together. The supernatant solution (35 924 mg of protein) was adjusted to pH 4.5 with 1 M H 3 PO 4 , stirred for 5 min and then allowed to precipitate at 4°C for 2 h. Afterwards, the sample was centrifuged at 27 000 ´g for 1 h, and the pellet was discarded. Its pH was readjusted to 7.6 with 1 M KOH.
Ammonium sulfate precipitations
The proteins (20236 mg) were precipitated by ammonium sulfate (AS) at 40% saturation for 16 h. After centrifugation (27000 ´g for 1 h), ammonium sulfate was added to the supernatant to achieve 80% saturation. After overnight precipitation, the solution was centrifuged at 27 000 ´g for 1 h 30 min. The pellet (3 855 mg of protein)
Protocol 1
Protein extraction
Approximately 1 920 g of fetal cotyledons from late placentas were thawed, finely minced, and homogenized with a hand mixer in 10 mM potassium phosphate buffer (KH 2 PO 4 + KCl, 100 mM, pH 7.6) with a ratio of buffer to tissue of 3.5:1 (v/w). Leupeptin (0.001 mM), PMSF (0.2 mM), sodium EDTA (0.2% w/v) and NaN 3 (0.02% w/v) were added at the time of homogenization. The homogenate was stirred at 4°C for 2 h, then it was centrifuged at 27 000 ´g for 1 h. The pellet obtained after the first centrifugation was homogenized in 4 L of the same buffer (10 mM potassium phosphate), gently stirred overnight, and centrifuged at 27000 ´g for 1 h. The second supernatant, as the first, was retained and the pellet was discarded. was resuspended in 500 mL of Tris-HCl buffer (10 mM, pH 7.6), extensively dialyzed against the same buffer (48 h) and centrifuged (36000 ´g for 30 min) to eliminate insoluble proteins.
Anion-exchange chromatography
The fraction isolated by 40-80%-saturated ammonium sulfate was loaded on a 14 ´18-cm DEAE-Sephadex A25 (Amersham Pharmacia Biotech, Uppsala, Sweden) column which had previously been equilibrated with 10 mM Tris-HCl buffer (pH 7.6). Five steps of increasing ionicstrength buffer (0.02, 0.04, 0.08, 0.16 and 0.32 M NaCl) were used for the elution of the column. All the fractions from the DEAE-Sephadex chromatography were concentrated (Amicon Ultrafiltraton System; Danvers, MA) to a final volume of 200 mL, were extensively dialyzed against 5 mM ammonium bicarbonate (pH 8) and were lyophilized.
Cation-exchange FPLC
Approximately 200 mg from each DEAE step was chromatographed separately on a 1 ´3-cm CM Ceramic HyperD F column (BioSepra, Cergy-Saint Christophe, France) previously equilibrated in 10 mM ammonium acetate (pH 5.2). After elution of the unbound proteins, a linear salt gradient (0-0.5 M NaCl) was applied at a flow rate of 1.5 mL . min -1 . Fractions of 3 mL were collected and monitored by UV absorption at 280 nm. Fractions of each peak were pooled, extensively dialyzed (36-48 h) against 5 mM ammonium bicarbonate (pH 8), centrifuged at 36 000 ´g for 30 min and lyophilized.
Protocol 2
Protein extraction
Fetal cotyledons from early (553 g) and middle (890 g) gestational ages were thawed, finely minced, and homogenized with a hand mixer in 50 mM ammonium bicarbonate buffer (pH 8.5) or a 300 mM KCl solution (pH 5), respectively. The ratio of buffer to tissue was 3.5:1 (v/w). Leupeptin (0.001 mM), PMSF (0.2 mM), sodium EDTA (0.2% w/v) and NaN 3 (0.02% w/v) were added at the time of homogenization. The homogenates were stirred at 4°C for 4 h, then they were centrifuged at 27 000 ´g for 1 h and the pellets were discarded. The supernatant solutions containing soluble proteins (2405 and 12 096 mg, respectively) were exchanged into 5 mM sodium acetate buffer (pH 5.2) by means of Sephadex G-25 filtration (Pharmacia) and concentrated by ultrafiltration to 60 and 1000 mL, respectively.
Affinity column chromatography
Approximately 800 and 500 mg (20 and 40 mL) of crude extract placental proteins from early and middle gestational ages were loaded separately on a 1 ´4-cm pepstatinagarose column (Sigma Chemical Co., St. Louis, MO) previously equilibrated with 50 mM sodium acetate (pH 5.2). After loading, the column was washed with the equilibration buffer until the optical density (OD) at 280 nm decreased to below 0.05. After the application of a linear salt gradient (0 to 1 M NaCl) to elute the weakly bound proteins, a linear pH gradient (5.2-10) was applied at a flow rate of 0.5 mL . min -1 . Fractions of 1.0 mL were collected and monitored by spectrophotometry at 280 nm. Fractions from the same peak were pooled, extensively dialyzed (36-48 h) against 5 mM ammonium bicarbonate (pH 8), centrifuged at 36000 ´g for 30 min and lyophilized.
Gel electrophoresis
One-dimensional SDS-PAGE was carried out with and without mercaptoethanol (5%) on a vertical cell system. Slab gels (12% acrylamide) were run at 20 mA during the migration in the stacking gel and at 230 containing 1% BSA (24:75 v/v). After incubation, the membranes were washed with TBS containing 1% BSA (3 ´10 min at 37°C) and were incubated (2 h at 37°C) with sheep anti-rabbit IgG horseradish peroxidase (HPR-POD; Chemicon International Incorporation, Temecula, CA) diluted to 1:2000 in TBS containing 1% BSA. After the second incubation, nitrocellulose paper was washed with TBS (4 ´10 min at 20°C) and the peroxidase substrate (100 mL TBS, 100 mL H 2 O 2 , 20 mL methanol and 60 mg chloronaphthol; 15 min at 0°C) was added to visualize the antigen-antibody complexes.
NH 2 -terminal microsequence analysis
The NH 2 -terminal amino acid (aa) sequences of the blotted proteins were determined by the Edman degradation method on a pulse liquid-phase protein sequencer (Procise 492 Applied Biosystems, Foster City, CA). The sequences obtained were compared to known protein sequences in the Swiss-Prot, Trembl and TremblNew data banks by the Fasta 3 search program [17] . The amino acid sequences reported in this work were deposited in the Swiss-Prot Database (Accession numbers P83126, P83127 and P83128).
RESULTS
Isolation and characterization of PAG molecules extracted from zebu placentas collected late in pregnancy
As determined by RIA, PAG-like proteins represented approximately 0.93% of the total soluble proteins extracted from 30-31-week zebu placentas. Immunoreactive proteins (334.5 mg) were extracted from fetal cotyledons by homogenization treatment and remained in the supernatant after pH acidification (294.0 mg). After ammonium sulfate precipitation at 0-40% and 40 mA (6 h) in the separating gel (20 ´10 0 .2 cm). Molecular weight standards (LMW Electrophoresis Calibration Kit; Pharmacia) were run simultaneously. Proteins were either visualized after Coomassie Brilliant Blue R250 (Merck, Darmstad, Germany) staining or transferred onto a nitrocellulose membrane (Hybond ECL, Pharmacia) for Western blotting.
Two-dimensional gel electrophoresis were performed by using pH 3-10 Immobiline Drystrips (11 cm, Pharmacia) for the first dimension, followed by SDS-PAGE (12%) in the second dimension. After an overnight hydration in an Immobiline DryStrip Reswelling Tray (Pharmacia), focusing was carried out at 300 V for 30 min, 1000 V for 30 min, 1 550 V for 16 h and then at 1 850 V for 1 h in a Flat Bed Apparatus (FBE-3 000, Pharmacia). Proteins were transferred to 0.2 mm polyvinylidene difluoride (PVDF) membranes (Bio-Rad, Richmond, CA) on a 2117 Multiphor II Apparatus (Pharmacia). Transfer was carried out at constant voltages (12 V for 45 min and 36 V for 45 min) for sequencing.
Immunoblotting of transferred proteins
Proteins in the slab gel were transferred onto nitrocellulose membrane immediately after one-dimensional SDS-PAGE, essentially as described by Towbin et al. [21] . Transfer was carried out at a constant current of 24 mA for 1 h and then at 36 mA overnight (Multiphor II Apparatus; Pharmacia). After protein visualization with Ponceau S (Merck), nitrocellulose membranes were washed with Tris buffered saline (TBS, pH 7.6) containing 3% BSA (3 ´10 min at 37°C), and then incubated separately (3 h at 37°C) with three different rabbit antisera raised against bovine (boPAG-1; R497) or caprine PAGs (anti-caPAG 55+62 and caPAG 55+59 ; R706 and R708, respectively). Antisera were used at a dilution of 1:200 in a mixture of PAG-serum free and TBS 231 40-80% saturation, immunoreactive proteins represented 0.44% (0.76 mg) and 7.91% (304.91 mg) of the total soluble proteins, respectively. As shown in Table I , the 40-80% ammonium sulfate fraction bound quantitatively to the DEAE column at pH 7.6. Immunoreactive proteins were mainly eluted at NaCl concentrations of 0.04, 0.08 and 0.16 M (17.64%, 45.96% and 20.56% of total DEAE PAG-like activity, respectively). Despite the relatively low PAG:TP ratio of the other DEAE steps, all the fractions were treated by cation exchange chromatography.
Fast protein liquid chromatography (FPLC) profiles on the CM ceramic column were shown in Figure 2 . One single immunoreactive area was observed for all DEAE loaded fractions (Fig. 2) . A major peak of PAG (eluted at NaCl concentrations of 0.14 to 0.18 M) was observed for both 0.04 and 0.08 M NaCl DEAE fractions. Minor reactive areas (eluted at NaCl concentrations of 0.21 to 0.41 M) were observed for the other steps of DEAE. The molecular masses and isoeletric points of the highly immunoreactive proteins from CM ceramic chromatographies are described in Table II. CM ceramic highly immunoreactive areas from all DEAE fractions gave several stained bands after SDS-PAGE (Fig. 3A) . The major band of each area was immunoreactive by Western blot analysis with the use of anti-boPAG-1 antiserum (R497; Fig. 3B) . A similar reactivity was observed when using anti-caPAG 55+62 (R706) and anticaPAG 55+59 (R708) antisera (data not shown). Reduction with b-mercaptoethanol had no effect on the apparent molecular masses of the major-stained bands (data not shown).
N-terminal amino acid sequence analysis of immunoreactive proteins extracted from zebu placentas collected late in pregnancy
The major-stained SDS-PAGE proteins corresponding to the immunoreactive Western blot bands had their amino-terminal sequences determined. After CM ceramic chromatography of 0.04 and 0.08 M NaCl DEAE fractions, the immunoreactive bands revealed the RGSXLTTHPLRNIKDLVYMG amino acid sequence, corresponding to the amino terminus of boPAG-1 (Swiss-Prot database accession number Q29432). N-terminal microsequencing (10 aa) of immunoreacive bands from 0, 0.02 and 0.16 M NaCl DEAE fractions also revealed 100% sequence identity with boPAG-1. Two-dimensional gel electrophoresis analysis showed that each immunoreactive band was composed of several proteins with different isoeletric points (Tab. II). Microsequencing of the N-terminus (25 aa) of the four major spots corresponding to the immunoreactive 67 kDa band from the 0.08 M NaCl fraction (data not shown) confirmed the presence of a single amino acid sequence.
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Despite a relatively high PAG:TP ratio (65.55%) observed for the most immunoreactive peak obtained after CM ceramic chromatography of the 0.32 M DEAE fraction, N-terminal microsequence of the 62 kDa protein (Fig. 4) Characterization of PAG in zebu placenta NH 2 -terminal sequencing blocked at the first and 6th cycles, respectively. The short N-terminal sequence obtained (AVDGGH) did not correspond to a member of the PAGfamily.
Crude extracts from 10-11-week old zebu placenta gave several peaks after chromatography on a pepstatin-agarose column (Fig. 5) . The most immunoreactive peak showed a low PAG:TP ratio (3.26%), being eluted at NaCl concentrations of 0.19 to 0.42 M. After pH gradient application (5.2-10), no proteins were eluted. SDS-PAGE analysis revealed the presence of a single major stained protein with apparent molecular mass of 69 kDa and several weak stained bands ranging from 20 to 84 kDa (Fig. 6A, lane 2) . After Western blotting, major immunoreactive bands were observed at 69 kDa and 84 kDa (Fig. 6B, lanes 2) . Analyzed by two-dimensional electrophoresis, the 69 kDa protein gave 3 isoeletric variants with pIs of 3.1, 3.3 and 6.18 microsequencing of the 14 N-terminal aa of this protein showed 100% identity with the boPAG-1. Despite the high immunoreactivity observed with the use of bovine R497 and caprine R706 and R708 antisera, the 84 kDa protein revealed the DKNAYGIDLIL sequence, which shows 77.78% identity with the alkaline metalloproteinase (GenBank database accession sequence, which has high sequence identity (91.7%) with murine alpha-N-acetylgalactosaminidase (Swiss-Prot database accession number O88620).
Characterization of PAG molecules isolated by means of pepstatin-agarose affinity chromatography
As estimated by RIA, PAG-like proteins represented approximately 0.61% (73.73 mg) and 1.81% (43.57 mg) of total proteins extracted from 20-21-week and 10-11-week gestational age zebu placentas, respectively.
The most immunoreactive peak (15.74% PAG:TP ratio) from pepstatin-agarose affinity chromatography of 20-21-week gestational age zebu placentas extracted at pH 5 was eluted at NaCl concentrations of 0.14 to 0.43 M (Fig. 5) . No proteins were eluted after linear pH gradient (5.2-10) application. One ,weak stained band was observed after SDS-PAGE (Fig. 6A, lane 1) . Twodimensional electrophoresis of the PAGreactive peak revealed 3 major spots, the first one with an apparent molecular mass of 67 kDa, and the others with 84 kDa molecular mass (data not shown). Microsequencing of the N-terminus of the 67 kDa spot (14 aa) revealed 100% identity to boPAG-1. effective for the separation of different PAG molecules extracted from goat and sheep placental tissues. In the caprine species for example, after DEAE chromatography, immunoreactive proteins were equally apportioned between the 0.04 M and 0.08 M NaCl fractions. Further fractionation of these steps revealed the presence of a common 55 kDa protein, as well as the presence of distinct PAG molecules with masses of 59 kDa and 62 kDa, eluting respectively at 0.04 and 0.08 M NaCl [6] . In the ovine species, the association of anion and cation exchange chromatographies allowed the characterization of four PAG molecules: ovPAG 55 , ovPAG 60 , ovPAG 61 and ovPAG 65 [26] . Each of these proteins had a distinct NH 2 -terminal amino acid sequence and a high amino acid identity with other members of the aspartic proteinase family. In the light of these findings, in the first protocol, all DEAE fractions were systematically purified by CM ceramic chromatography and analyzed by SDS-PAGE and Western blotting with the use of antisera raised against three different PAG preparations.
If we consider the different molecular masses (51 to 67 kDa) and isoeletric points (4.4 to 6.7), our results confirm a high heterogeneity of the PAG molecules in ruminant placentas. Specifically considering the microsequencing, our protocol did not reveal the presence of distinct PAG N-terminal amino acid sequences in the placenta extracts, despite the analysis of all immunoreactive proteins eluted at different ionic conditions. In fact, till now, all PAG, PSPB and PSP-60 related proteins purified from Bos taurus fetal cotyledons have shared the same cDNA and N-terminal amino acid sequences [3, 13, 25] . These results contrast with recent findings obtained by the screening of bovine placental libraries with different cDNA probes, which suggests the expression of at least 21 bovine PAG cDNAs coding for different amino acid sequences even at the N-terminal part of the molecules [8, 27] . There seems to be at number AAK22731) identified in the Caulobacter crescentus genome.
DISCUSSION
In the last two decades, the biochemical isolation of pregnancy-associated or specific proteins constituted a fundamental step for the development of specific RIA systems because it allowed the isolation of relatively large amounts of purified or semipurified proteins. By means of multiple step purification procedures, several PAG molecules differing in molecular masses and charges were isolated from the placentas of cows [2, 3, 28] , ewes [24, 26] , goats [6] , moose and elk [11] , some of them being characterized at their N-terminal amino acid sequence. However, to our knowledge, no publication has been made on placental proteins extracted from zebu placentas.
In the first part of this study, a protocol including the extraction of soluble proteins, acid and ammonium sulfate precipitations and ion exchange chromatography was used to purify PAG molecules extracted from zebu placentas collected during the third trimester of pregnancy. Considered by some authors as unnecessary [11] , acid precipitation constituted a critical step for PAG purification in zebu cattle. It allowed the elimination of more than 40% (approximately 16 g) of total crude extract soluble proteins with an optimal recovery of immunoreactive proteins (approximately 294 mg, corresponding to 88% of the initial PAG immunoreactivity). Whether the pH treatment is responsible for the elimination of some PAG isoforms extracted from ruminant placenta is not known. Nevertheless, the utilization of a similar purification protocol including acid precipitation in the caprine species has allowed the isolation of three distinct PAGs with different molecular masses, each containing several isoforms [6] .
As recently described, ion exchange chromatography has been proved to be very 237 least three possible explanations for this apparent discrepancy between the results obtained by biochemical and molecular biology techniques. The first is that, although some of the recently characterized PAG cDNAs [8, 27] could be transcribed and translated into PAG molecules, these proteins could be rapidly degraded and thus could not accumulate at detectable levels. The second is that, in bovine species, some of the PAG molecules could be N-terminally blocked. In this case, only co-purified non-blocked immunoreactive proteins could be identified after Edman degradation. The third explanation is that some PAGs could be linked to membranes via fatty acid linkages, being consequently more difficult to extract by conventional procedures. The latter explanation seems more unlikely because bovine PAG cDNAs code for a relatively well-conserved pepsinogen-like structure [9] , which is not originally linked to membranes.
According to Xie et al. [25] , the presence of N-linked carbohydrate chains accounts, at least partially, for the discrepancies in molecular masses observed after SDS-PAGE. As previously suggested by Zoli et al. [28] , different degrees of glycosylation are also involved in the heterogeneity of the isoeletric point estimated for boPAG-1. Concerning N-terminal amino sequencing, similarly to the previous observations made in the taurine [28] , ovine [26] and caprine species [6] , Edman sequencing of PAGs extracted from the zebu placenta failed to give any signal on cycle 4, indicating the presence of an N-glycosylated asparagine.
Although a high RIA immunoreactivity was observed for one CM ceramic peak from the 0.32 M NaCl DEAE fraction (64.55% PAG:TP ratio), N-terminal sequencing of its major protein (62 kDa) showed more than 75% identity with the alpha-N-acetylgalactosaminidase (a-GalNAc), a lysosomal exoglycosidase synthesized in the various tissues of the murine [10] , chicken [4] and human species [23] . The human a-GalNAc was also accidentally found as one of the five major bands during purification of placental sialidases [22] . In this species, a-GalNAc seemed to be synthesized as a 65 kDa glycosylated precursor, which is processed to a mature 48 kDa isoform [20] . The unexpected cross-reactivity observed between the zebu a-GalNAc and the bovine and caprine PAG antisera could be due either to the presence of common epitopes in both classes of proteins or to the non-specificity of the polyclonal antisera used in both RIA and Western blot techniques.
According to comparative molecular modeling studies, PAGs have retained the well-known bilobed structure of aspartic proteinases, and a peptide binding cleft between the two lobes capable of accommodating peptides up to 7 amino acids. Thus, it has been hypothesized that they could be purified by the use of pepstatinagarose affinity chromatography [9, 27] . Pepstatin A is an extremely powerful inhibitor of aspartic proteinases [14] . It binds reversibly to the active center of pepsin, renin and cathepsin D, being widely used as a ligand in affinity chromatography protocols for the isolation of these enzymes [1, 5] . In the present work, PAG molecules were successfully identified after pepstatin affinity chromatography of cotyledonary extracts from placentas collected in both the first and second trimesters of gestation and extracted in both acid and alkaline conditions. When crude extracts from 20-21-week old zebu placentas were loaded, PAG concentration was enriched by a factor of 25.8 (a 15.74% PAG:TP ratio with the column procedure vs. a 0.61% PAG:TP ratio with the crude extract). A lower efficacy was observed after affinity chromatography of 10-11-week old zebu placenta (PAG:TP ratio 3.26% vs. 1.81%). However, in this case, the lower efficacy was more likely due to the higher viscosity of crude extracts, which could make an ideal pepstatin A-PAG interaction difficult, than to the differences in the buffers chosen for the extraction. In the present work, PAG molecules were eluted 238 database accession number P83126), which is identical to that previously described in the Bos taurus cattle. In addition to PAG molecules, two other immunoreactive proteins (Swiss-Prot database accession numbers P83127 and P83128) showing high N-terminal amino acid identity with alpha-N-acetylgalactosaminidase and alkaline metalloproteinase were identified for the first time in zebu placenta extracts. Complementary studies are in progress to characterize the PAG profiles during gestation and postpartum periods in zebu cattle. before a high ionic strength was attempted, indicating a weaker interaction of PAG with the pepstatin A substract. This observation is consistent with theoretical binding studies of PAG molecules that suggest that the substitution of Tyr189 and Leu220 (porcine pepsinogen numbering) by Asp residues in the boPAG-1 molecule are likely to induce a weaker binding to pepstatin A [9] .
After affinity chromatography, the placenta extracts removed at both gestational ages revealed the presence of a 67 kDa immunoreactive protein, which was 100% identical to boPAG-1 (14 aa long) according to the N-terminal sequence. As observed in Figure 6B (lanes 2), another protein with an apparent molecular mass of 84 kDa and showing a high immunoreactivity with 3 antisera (R497, R706 and R708) was observed after extraction from 10-11-week old zebu placentas. Its microsequencing revealed 77.78% amino acid sequence identity to an alkaline metalloproteinase (GenBank database accession number AAK22731), which was previously identified in the Caulobacter crescentus genome by Nierman et al. [16] . Two possibilities can be argued to explain the presence of this metalloproteinase in our preparation: first, bacterial proliferation during the first steps of purification, second, the specific expression of this type of metalloproteinase in the zebu placenta. It was interesting that all 3 antisera recognized this protein. The characterization of the epitope(s) responsible for this cross-reaction is worthy of further investigations.
In conclusion, this investigation was the first on the pregnancy-associated glycoproteins in the Bos indicus placenta. Using SDS-PAGE and Western blotting, different isoforms of PAG with apparent molecular masses from 51 to 69 kDa and isoeletric points varying from 4.4 to 6.7 were identified in placentas recovered at different gestational ages. N-terminal microsequencing indicated that these proteins share a common PAG amino acid sequence (Swiss-Prot 239
